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MECHANISM OF ACCELERATION OF AjjmmajJBm-P^^ 
REACnONS BY HEPARIN WTIH LOW ANTTnm^*™l,'*Sv^ 
USAmd +Sw«fi«h Univnnily of Agricultural Sciences, Uppsala, SweOon. 

The aoodemting effect of kw^ffinity heparin OAHjMAg te 

trinfing site far aotitfazomblo (AT) go ^^^^^^"^ ^^t^^^^^^n I5 

fenr Xawai ctencterinrf by bbtfirig and s»i^^ 

pH7A23<^LAH(Mr-8000)TOfitt«dofhigh-affii^ 

bwbgtbe AT^iindiiig itquawby tep^ 

EnU AT to a ooratart sprxafK actiYity. Complete 

(<mi %) TO mfoted to the to of ewiiange of ad^^^ 

HAH hrtpflKUOi after AT-affmityc faiuu i ^up hy. Bmifingof LAHtoAl, - 

fcwedby protein HuBesocnoe changes or by qumtitatWeafta^dotra^ 

Bnphy (Q AQ, indicated a weak biniEng affinity with an estunalcd > i w 

PM; U, -tO*-foW weaker than the affinity of HAH for AT. In OTtiaM, LAH 

ttofing to thrombin, monitored by extriraic irobe fluwracenw ™"f^^°?^, 

QAC vas inastinguishabie from HAH bintfing with a Kd of - 1 liNL 

wilh Ibese dIfTeieotial affmitiea, the accdoating effect of LAH on the pacudo-lixa 

"nScriitcoDcuUml (k^ for ATinhibiliDn of Ihconibbi increased as afundioa ot 

LAH cooocotiaikin (up to 10 pM) in paaUd with the aturatkm of 

UH, but was tfimtniahed at W ghcr LAH conoentraaoM in paralld witJ^^ 

*«4ng to AT, LAH saturatiDn curves shonml increase 
^ iacraang levels of AT, intficating the saturation of a ternary * 
^J) (20 pM) 150-fbld weaker than that with HAH, but a mawmum accdo^on 
I6rl) unular to thai of HAH. Contrasting these naults, LAH w**^?^ ™ °; 
^ the AT-factor Xa miction inorascd in panilW with the binding of toLAH 

no decrease up to 100 uM LAH, rraching a maximum acceleration {-w- 
r*0 thai was 7-ford less.than that of HAH. Tlial this aoccloaJioo was ««Qucto 

HAH was indicale^ 
«tiag effect when LAH was vari ed at 1 0 JiM AT or AT w« "^^^^Z, 
LAH. -niese results indicate coramoo mechanisms for LAH and HAH accetou- 
^ of AT-proteinaae reactions: a ternary complex bridging mechanism for tac 
^^^^ of the AT^hrombin reaction, but a beparin-induced AT ranforma- 
^ chwigt^icchanisra for the accdeation of the AT-factor Xa 
the difTeitnt accelerating effects of these he?^ 
difTcrwco in their abiUty to bind AT and less to difference m Ihor 
•^^uni aocdcrating rffbct or alrilitv to biduce a confo^^ 
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DISSECTION OF THE ANTTrHRQMBlN III HEPARIN 
K107 AND K1 14 AREJaOT DIRECTLY INVOLVED IN 
Btr^iNG. ersdai-Baeflu. A. 1 u. V. PIcard. and S.C, Pog. 
MtoniWoiogy & hnmunology and The Thrombosis Research 
le Unh^ersKy School of Medicine, 3400 N. Broad Street. 
'A 19140 
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• Ionic Inle actions behwen positively charged anrtino adds of 
anlHhrombin 1 1 (ATIII) and negath^ely doarged suffale and carboxylate 
groi^js of hep irin ai» thougW to inedatB ATIII heparin bbiding and ttw 
Bssodated be sarin eofactor activity oiATIII. Based on genetic variar^ 
chemical moi flflcailon and glycosytation Isoform. data, a duster of 
positively cha -ged residues surrounding helbc D was proposed to be 
the heparin t indihg site of ATIM (Bprg et al., 1968. JCt. 81:1292). 
Lysbies 107 and 114 have been assigned to the binding site based on 
chemical mwllflcallon -studiBS wtth S-DABITC (dhang, 19B9, JSC. 
2S4:3T11) aid TNBS (Uu and Chang. 19B7, JSC. 262:17356), 
respectively. However,- in cental to chemical* modlficalion data, 
■molecular mo lellng of the interaction between antithrombin 111 and an 
ATlll-brpdlng pentasaccharide of heparin suggests that'K107 and 
K1 14 do not Interad directly vnth heparin (Grootenhuis and van 

Boedcd, 199" , 4ACS. 1 13:2743). ^ 

Using a hi cidovtrus sysiem. we expressed human aifUlluuiiibtn- in 
K107A/N135/. and K114A/N135A variant proldns. ^The bacKground 
N13SA substtuUon prevents addition of an oligosaccharide which 
sterically btoc cs the heparin binding sHe, and allows for the production 
of homogene lus ATIII p-IIke mdecolBs wRh ftKreaiaed h^jarin affinfty. 
As a control, ATIII R47H. with a known defect In heparin binding 
(Ovran et aL, 967. Blood 69:1275), was also expressed. Afl variants 
vmre functioi al protease intilbitors as evldenbed by the formation 
SDS-stable complexes wHh thrwnbin: Saft gracfient elution profUes 
(pH 7.5) of tie K107/N135A and K114/N135A variants from HMrap 
heparin cotur tns (Phannada) were Indisth^idshaWe from that of the 
parental N13i A molecule (1.9 M NaCI), while ttie R47H variant ehAed 
eariler (0.6-0,9 M NaD) than expressed wikftype ATIII (1.5 M Na(a). 
These daU tr dicate that binding of ATIII to heparin does not involve 
ionic interadiims behween the side chains of lysines 107 and '114 and 
negaflve^ dv irged groups on hoparki. 
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OF nttctrauoH oF.FAcro& va IT icriyjaaED/*»DTEiH c 

nUVAOES OF THE BEAVT Ca/OS OF THE COFACIO&; CD.Argsos 
H<A«el R»lafatla find Kerewth P. Hann, D«part«nC of 



'onlTorsl^ of Varaont, Burllngron Varwmt, - DSA.. 



(riV«) Im ma important oofutor for tiia . aedvKtlon of 
procnronmin. Eho inacttvatlon of FVa hy •etdvaCBd protoln C (APC) baa 
boftn corrala! ad- vlth the cLomga of factor Va hoary ehaiiT (FVae) • 
Henbzane-biiin d FVa la rapidly and ccmpletaly InaeClvmCod by APC. 
However, In hm ■baeoca of photipbollpld -veaLclea (PCPS) .and. after 
completa can mge of FV« by APC, thereof actor retalni 30X,.of Ita 
IzacUl cofaitor activity. In thA ■bsenca.of PCPS. cleavage occurs 
at ArgMi of I "id r«iulta in a 11,-70.000 frapient which, coutalM 
the HHi-ta^tikl portion of the FVsnc (roelJJuao 1-305), and a COOH- 
taradnal IL- 4,000 fragment (residues 50$-7U) vhlch Ifl further 
cleaved- by APC at Argju roiiultlng in e ^-20,000 fragaent «nd a 
H--A.000 peptide. To uiuUritand the procoas by nhich APC inactlvatea 
FVa, -we evalt;atad Its eofactor function ualrig APC inactivated FVe In 
the presence and abaence of PCPS. . We found that after 30 nln, 
meodirane-boui d FVa (200 nM) la conrpletely Inaotlvatod by APC (10 nH) , 
whereoa In. tie abaence of PCPS, after 2h the cleaved eofactor a 1d.ll 
retains 60X of lt;a initial eofactor activity. Prolonged Incubation 
of FVa with iPC {Ztih) in the abaence of PCPS roaulted In a noleeula 
vhich retalnnd 20X of ita inltia eofactor aetiylcy. The eleayago 
pattern of th i FVaBc obaerved In tha abaence of PCPS U different .from 
the cleavage of the cofocCor when Incubated with APC In the preaonco 
of PCPS. Th, conrplBCe loss of activity la correUced ™ 
cleavage of the H^-70,000 fragnent and the appearance of a H,-4D,0.00 
and a M,-2B.(00 fragment. A comparlflon of the 3- terminal ahquence 
of the H,-.2B,000 fragment with the sequence of bovine ^ctor V 
indicated a aatch with realduea 307-505 of FVaa; whereai the HH,- 
ceminal aeqi ence of the H,w,0.dOO uaa identical 'to the HHi- terminal 
sequence of the YVa^ (realduea 1O06), No difference- vas^baerved In 
Che cleavage >aCCBm of the light chain of the eofactor (FVa^^) by APC 
In the preaeice aa well aa In the abaence of PCPS. Thus, a apeclflc 
Inactivating APC cleavage site (Argj^) is expoaed upon binding- of the 
eofactor to »CPS. Our data demonstrates that complote inoctivation 
of P/a by AP: occurs after two cleevages of the FVac: cleavege at 
AriUr,, partlLlly Inactlvacea Che eofactor. whereaa coordinated 
.cUavag; at Arg^, and Arg^n ^ reaponalble for the complete 
Inacclvatlon of FVe. 
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THE MECHANISM OF INACTIVATION OF. FACTOR Va 
INVOLVES TWO CLEAVAGES OF THE HEAVY CHAIN OF 
AND (2) Arg306. Michael Kalafatls a nd Keimet' 



BY ACTIVATEP PROTEIN C 
THE COFACTOR: (I) Argsos 
G. Mann. Department of 



Biochemistry, University of Vermont, Burlington Vermont, USA. 

Factor Va (FVa) is an important cof actor for the , activation of 
prothrombin. The inactivation of FVa by ac titrated protein C (APC) has 
been correlated with the cleavage of factor Va heavy chain^ (FVagc) • 
Membrane -bound FVa is rapidly and corapletoly inactivated by APC,. 
However, in the absence of phospholipid vesicles (PCPS) • and. after 
complete cleavage of FVa by APC, the cofatitor retains 30X . of its 
initial cof actor activity. In the absence. cf PCPS, cleavage occurs 
at Arg505 of FVagc and results in a VLj.~70 , 000 fragment which, contains 
the NHa-terminal portion of the FVa^c (residues 1-505), and a COOH- 
terminal 11^-24,000 fragment (residues 506-713) which is further 
cleaved by APC at P^gssz resulting in a tt.«20,000 fragment and a 
Mj-4,000 peptide. To understand the process ^y ^ich APC inactivates 
FVa, we evaluated its cof actor function using APC inactivated FVa in 
the presence and absence of PCPS. We foitnd that after 30 min, 
membrane -boxind FVa (200 nM) is completely in£.otivated by APC (10 nM) , 
whereas in. the absence of PCPS, after 2h tha cleaved cof actor still 
retains 60X of its initial cof actor activity. Prolonged incubation 
of FVa with APC (24h) in the absence of PCPJI resulted in a molecule 
which retained 20% of its initial cof actor activity. The cleavage 
pattern of the FVagc observed in the absence cf PCPS is different from 
the cleavage of the cof actor when incubated vith APC xn the presence 
of PCPS. The complete loss of activity :.s correlated with the 
cleavage of the 11^-70,000 fragment and the appearance of a Mj-^OjOOO 
and a 11^-28,000 fragment. A comparison of die NH2- terminal sequence 
of the Mj.«28,000 fragment with the sequeice' of fcovine fkctbr V 
indicated a match with residues 307-505 of FVa^c whereas the NH^- 
terminal sequence of the Mr»40,d00 was identical 'to the NH2- terminal 
sequence of the FVa^c (residues 1-306). No difference was observed in 
the cleavage pattern of the light chain of th* cof actor (FVa^c) by APC 
in the presence as well as in the absence oi; PCPS. Thus, a specific 
inactivating APC cleavage site (Argsoc) is exposed upon Ijinding of the 
*of actor to PCPS. Our data demonstrates that complete inactivation 
of FVa by APC occurs after two cleavages oi: the FVagc : cleavage at 
^§505 partially inactivates the cofactoi , whereas coordinated 
cleavage at Argsos and Arggoe is responsible for the complete 
inactivation of FVa. 
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